Abstract
Introduction

30
Synoptic scale mid-latitude precipitation systems often have vertical extents that include 31 much of the troposphere. This depth spans a wide temperature range; the organized upward air 32 motions in these systems also promote significant supercooled liquid water concentrations. deposits frozen cloud droplets on the outer surface of snow particles, snowflake shape, fall 52 orientation, and density characteristics are all altered, which in turn complicates the 53 interpretation of polarimetric radar data. It follows that in-situ measurements of these particle 54 characteristics are important but difficult to obtain at the required resolution. Aircraft-based 55 imaging probes yield important information on particle size and shape (crystal habit), as well as 56 qualitative indication of riming and environmental conditions favorable for crystal formation, but 57 the imaging is generally in one plane only and as a result complete orientation information is 58 typically not available (Wolde and Vali 2001) . Under horizontally homogeneous conditions, the 59 elevation angle dependence of polarimetric radar data can reveal information of ice crystal 60 orientation or "flutter" (Matrosov et al. 2005 ).
This study is motivated by the physical reasons underpinning observed differential 62 reflectivity (ZDR) variations on the order of 2 dB that occurred near the ground by a 9 GHz (X-63 band) radar during a multi-hour, widespread, light snow event in the high plains of Colorado. the MASC image analyses showed that consistently higher levels of riming existed. These rimed 75 particles, especially at larger diameters, also had a broader distribution of orientation angles and 76 slightly larger (more spherical) axis ratios. These snow particle orientation characteristics are 77 consistent with the observed lower ZDR levels. During the contrasting 2 to 3 dB ZDR time period, 78 riming was less evident in the MASC images and the particles maintained more horizontal 79 orientation angles.
80
This paper is organized as follows. Section 2 describes the instrumentation site and 81 briefly the Multi-Angle Snowflake Camera system and the CSU-CHILL radar's X-band system 82 which is used herein, as well as the larger scale meteorology of the event which occurred on 26- The radar data presented here was collected with the CSU-CHILL operating in dual 120 frequency mode (Junyent et al. 2015) . In this configuration, a two frequency antenna feed allows 121 dual polarization measurements to be made simultaneously at both 3 GHz (S-band) and 9 GHz 122 (X-band). The same antenna reflector system is used at both frequencies, yielding a main (3 dB) 123 beam width of 1.0° at S-band and 0.33° at X-band.
124
All of the radar data in this analysis was obtained from the CSU-CHILL X-band channel. Observing System (AWOS) located ~11 km from the Easton site (Fig. 2) . The color-coded sets (Fig. 2c) . Around 21 UTC, wind directions became more northerly and speeds 151 increased slightly to ~ 6 ms -1 (Fig. 2a and b) . Two instances of gusting winds were reported in 152 the 22-23 UTC period. The temperature and dew point traces show the arrival of colder, drier air associated with this wind shift (Fig. 2c) . By the time of period 2, wind speeds decreased as a 154 high pressure system moved into the area ( Fig. 2b and d ).
155
The overall evolution of the surface data suggests that during the earlier times, including ice crystals to retain their intrinsically low axis ratios. The presence of these low axis ratio 278 particles broadened the ice particle axis ratio distribution.
279
The results of the MASC-based hydrometeor classification scheme were also examined advanced stages of riming, were only observed during period 1 (Fig. 9a) . This is in agreement 287 with the generally higher riming index values that were generally found on all types of particles contrasting ZDR regimes. The MASC-based particle orientation and axis ratio measurements revealed the manner in which the riming affected hydrometeor physical properties that impact 361 ZDR. Specifically, the standard deviation of the hydrometeor canting angles was observed to be 362 significantly larger during the time period when riming was more evident. These more random 363 particle orientations contributed to the observed 1.5-2 dB reduction in ZDR.
364
The relationship between ZDR and hydrometeor riming is complicated (Moisseev et al. 
